This paper explores whether liquidity services and nonsuperneutral effects of money are important for and permit improved explanation of asset returns. Euler equations governing asset choices, implied by dynamic barter, cash-in-advance (CIA), and money-in-the-utility function models, are estimated and testing using generalized-method-of-moments techniques and monthly data for the U.S. Observational equivalence between CIA and barter models is shown under specific assumptions about the timing of information and decisions. The findings suggest that only for one CIA model are monetary effects both important for and permit improved explanation of asset returns. Success in this regard is (not) for stock (treasury-bill) returns.
Introduction
This paper empirically explores the intertemporal asset-pricing relationships implied by a variety of dynamic general-equilibrium barter and monetary economy models. The purpose is to ascertain whether the liquidity services and nonsuperneutral effects of money significantly affect the dynamics of asset-pricing relationships and whether their consideration permits improved explanation of those relationships. Here, these issues are addressed by systematically estimating, testing, and comparing the stochastic Euler equations governing agents' optimal asset choices, as specified by alternative barter and monetary economy models. The barter models considered are *The authors thank Masao Ogaki for providing the generalized-method-of-moments estimation program used in the research reported here. The authors also thank Masao Ogaki, Kenneth Singleton, Gregor Smith, an anonymous referee, and participants of workshops at Arizona State University, Michigan State University, Queen's University, University of Rochester, and University of Toronto for helpful comments. based on Rubinstein (1976) , Lucas (1978) , and Breeden (1979) . The monetary models considered consist of cash-in-advance (CIA) models based on Lucas (1982) , Lucas (1984) , and Svensson (1985a) and a money-in-the-utility-function (MIUF) model based on Dixit and Goldman (19701, Fama and Farber (1979) , LeRoy (1984a, b) , and Stulz (1983) . Preferences are assumed to be time-separable and of the constant-relative-risk-aversion type, defined over either an aggregate nondurable consumption good or a composite good comprising aggregate nondurable consumption and real money balances. The generalized-method-of-moments estimation technique proposed by Hansen (1982) and Hansen and Singleton (1982) and monthly data on U.S. consumption, money, prices, stock, and treasury-bill returns over the 1959:4-1986:12 time period are employed.
A sizeable empirical literature examines asset-pricing relationships derived from barter economy models under a wide variety of specifications of preferences and household technologies for producing services from goods, estimation methods, and data sets.' One of the upshots of this literature is that barter economy models have had some success in individually explaining stock and treasury-bill returns but fall very far short of explaining both types of asset return simultaneously. This latter failure is dramatically encapsulated in the numerical simulation study of Mehra and Prescott (1985) , which first stated the equity premium puzzle. Recently, there also have been some studies which empirically investigate asset-pricing relationships derived from monetary economy models. Singleton (1985) estimates an interest-rate return relationship derived from a Lucas (1982)based CIA model. Poterba and Rotemberg (1987) jointly estimate treasury-bill, savings-deposit, and stock return relationships implied by a MIUF model. Ogaki (1988) individually estimates a treasury-bill return relationship and jointly estimates treasury-bill and stock return relationships derived from a Lucas (1984) based CIA model. Eckstein and Leiderman (1989) estimate an interest-rate return relationship implied by a MIUF model. Marshall (1989) and Giovannini and Labadie (1989) numerically simulate, respectively, a transactions-cost monetary model and both Lucas (1982) and Svensson (1985) based CIA models, in order to analyze model predictions for stock and treasury-bill returns. These studies provide some support for the importance of monetary considerations in asset pricing. Those examining multiple asset returns suggest, however, that the associated models do not adequately explain stock and treasury-bill return relationships simultaneously. These empirical findings are borne in mind when discussing the findings of the present study. First, our results are compared to those obtained in other studies for identical asset-pricing 'Hansen and Singleton (1982 , 1983 , 1984 , Grossman, Melino, and Shiller (1985) , Singleton (1985) , Dunn and Singleton (1986) , Eichenbaum, Hansen, and Singleton (1988) , Eichenbaum and Hansen (1987) , Epstein and Zin (1987) , Hansen and Singleton (1987), Ogaki (1988). relationships and similar data sets. Specifically, our barter-model [Lucas (1984)-model] results are compared to the corresponding results in Hansen and Singleton (1984) [Ogaki (1988) l. Second, we examine the various models' ability to explain stock and treasury-bill returns both on an individual and simultaneous basis.
Section 2 specifies and discusses the stochastic Euler equations which serve as a basis for the empirical work. Section 3 discusses the estimation technique, tests, and the data. Section 4 presents the estimation results and section 5 concludes the paper.
Theoretical background
CIA models based on Lucas (1982) , Lucas (1984) , and Svensson (1985a) are considered in sequence. For each of these models it is assumed that the representative agent has preferences defined over stochastic processes of consumption given by where E, is the expectations operator conditioned on information at time 0, /3 is the subjective discount factor, U( > is the momentary utility function, c, is real consumption at time r, log is the natural logarithm, and y is a preference parameter. In Lucas (1982) each period is envisaged as comprising of two subperiods. During the first subperiod only asset markets are open and during the second subperiod only goods markets are open. Agents trade money and assets and receive asset payoffs during the asset market subperiod. Shares held at the beginning of this subperiod entitle the owner to dividends from the sale of goods during the previous goods market subperiod. Goods endowments materialize and are traded during the goods market subperiod. Goods must be bought with money acquired in advance. Money that is not currently spent on goods enters as a component of wealth at the beginning of the following period. This assumed sequencing of and restrictions on transactions is re-fleeted in the agent's budget constraint, a,s,+(1+i,)-'b,+~,=(a,+d,~,)~,-,+b,-,+M,-,-P,-,c~-1~ (2) and CIA constraint, M, 2 Ptc, >
where S, is the number of shares bought at time t, 6, is the number of bonds bought at time t whose payoff is one nominal money unit at time t + 1, M, is nominal money chosen at time t, a, is the nominal time-t price of a share, (1 + i,)-i is the nominal time-t price of one unit of the bond, d, is the nominal value of the time-t dividend, and P, is the time-t price level. Assume next that the agent receives full current information at the beginning of time t and maximizes (1) by choosing c,, s,, b,, and M, subject to (2) and (3). This optimization problem implies the following stochastic Euler equations governing share and bond choices, respectively:
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where u (t) = CT-', the marginal utility of time-t consumption. Noting the timing convention in Lucas (1982) , the following empirical formulations of (41 and (5) are adopted:
where use has been made of as = al_, and if = i:_ ,, superscript s (e) denotes a start-of-period (end-of-period) value, and Bt is an information set which includes all information through time (t -l) Lucas (1982) and Svensson (1985a, b) . Given the preference specification in (1) and assuming full current-period information, Hansen and Singleton (1982) show that the stochastic Euler equations governing share and bond choices implied by a barter economy model are
The barter economy model is based on Rubinstein (1976) , Lucas (1978), and Breeden (1979) . Further assuming that agents consume and invest at the end of the period, their empirical formulation of (8) and (9) is"
(1 +i:) . 1
Eqs. (10) and (11) will be referred to as the end-of-period barter model or barter-e model. If, instead, agents are assumed to consume and invest at the start of the period, then the empirical formulations of (8) and (9) coincide with (6) and (7), respectively.
There is thus an observational equivalence between the Lucas (1982) model and the start-of-period barter model (or barter-s model) in respect to the stochastic Euler equations governing asset choices. This equivalence is 'observed' for the first time in this study. Comparison of (6) and (7) with (10) and (11) (1) by choosing c,, sf, b,, and M, subject to (2) and (3). The implied stochastic Euler equations governing share and bond choices are
where 1, denotes an information set which includes all information through time (t -l), a, and i,. Noting the timing convention in Lucas (19841, the following empirical formulations of (12) and (13) are adopted:
uc( t + 1) (a; + dp)
(15) Svensson (1985a) provides an explicit characterization of the equilibrium and shows that the nominal interest rate is always positive. The positive nominal 4Singleton (1985) also pointed out this timing difference between the barter-e and Lucas (1982) models.
"See Svensson (1985a) and/or Finn, Hoffman, and Schlagenhauf (1988) for further details.
interest rate is a reflection of and compensation for the absence of expected future valued liquidity services from bonds. Recalling the equivalence between Lucas (1984) and Svensson (1985a) , it follows that equilibria with currently nonbinding CIA constraints are of interest in these models since they are consistent with positive nominal interest rates. On this point Lucas (1984) and Svensson (1985a) sharply differ from Lucas (1982) . The former models are thus characterized by the possibility of a more reasonable specification of the demand for money, i.e., a combined transactions, precautionary, and state-of-value demand for money or a variable income velocity of money, holding simultaneously with positive nominal interest rates. A discussion of the nonsuperneutrality of money in the Svensson (1985a) model is contained in Svensson (1985a) and Giovannini (1989) . Comparing (6) and (7) with (14) and (15) succinctly shows that the assetpricing implications differ across the Lucas (1982) and Lucas (1984)/ Svensson (1985a) models only in that c, and P, are assumed to be known in the former when agents undertake their current investment decisions. This, and the earlier discussion of observational equivalence, prompts the statement that if one envisages agents in the barter-s model as choosing their investment plans prior to knowing the current price level and consumption, then (14) and (15) are also implied by such a model. The latter will be referred to as the barter-s model with lagged information.
There is thus an observational equivalence between the Lucas (1984)/Svensson (1985a) model and the barter-s model with lagged information.
This equivalence is observed for the first time in this study. Correspondingly, a barter-e model with lagged information may also be imagined in which agents choose investment plans prior to knowing the current price level and consumption. The implied stochastic Euler equations governing share and bond choices are
where 0, denotes an information set including all information through time (2 -0, a;, d:, and i:. Consideration of this barter-e model with lagged information is new. It is empirically explored here in order to serve as an additional benchmark barter economy model and to enrich the attempt of discerning the empirical significance of differences in both the timing of nominal asset returns and the timing of information flows across models.
The MIUF model is based on Dixit and Goldman (1970) , Fama and Farber (1979) , LeRoy (1986a,b) , and Stulz (1983X6 The representative agent is assumed to have preferences defined over stochastic processes of consumption and real money balances given by
where 6 is a preference parameter capturing the relative importance of consumption and real money balances in the utility function. Assume next that the agent has full current information and maximizes (18) by choosing c,, s,, h,, and M, subject to the budget constraint:
This problem implies the following stochastic Euler governing share, bond, and money choices:
equations, respectively,
where u,.(t) = SC~~~'(M,/P,:)('~')~ i s t h e marginal utility of time-t consumption and CL ,,,>w = (1 -S)c;s%V,/P,) ('-')Y-' is the marginal utility of time-t real money balances. For the MIUF model it is assumed that agents consume and invest at the end of each period.' Accordingly, set a,, , = a:,,, d,, , = d:', ,, i, = i;, and measure M, by the money stock at the end of time t. With this timing convention for choices, it follows that when 6 = 1 the share and 'A MIUF model, based on Danthine and Donaldson (19X6) , in which it is assumed that agents' current choices of money yield future utility. was also estimated and tested. The reported estimation results are qualitatively robust to choices over a number of alternative instrument sets, starting guesses for the models' parameters, starting guesses for the weighting matrices and to further iterations over these matrices.'",'r
The estimation results for the lagged-informa-_-tion versions of the barter-e and barter-s models obtain having Hansen and Singleton (1982) autocorrelation correction procedure for first-order serial correlation in the residuals of these models.
Estimation results
used the to adjust
The estimation results for the barter-e model are presented in (1982/1984) also estimated the barter-e model using some comparable data sets to those used here.14 Their findings closely compare to those corresponding findings reported here -not only in terms of parameter estimates but also in terms of the patterns and strength of rejections of the overidentifying restrictions of the model. Table 2 presents the estimation results for the barter-e model with lagged information.
Sharp differences between these results and those for the barter-e model emerge in the case of the individual estimation of the stock Euler equation.
In particular, for this case in table 2, estimates of (Y are in the nonconcave region and are much more imprecise, while the J-test " 'Finn, Hoffman, and Schlagenhauf (1989) provide exact details of the alternative instrument sets.
"The reported estimation results use the following starting guesses for model parameters: p = 1, y = -1, 6 = 0.9. These parameter guesses were also used to construct the initial weighting matrix for the reported estimation results. The associated estimate of the weighting matrix generally converged after two iterations.
"Statements of significant differences pertaining to parameter estimates mean significant differences from the value indicated based on a one-tail t-test at the 5 percent significance level.
"The marginal significance level (MSL) is one minus the probability that a x2(df) random variable has a smaller value than the computed value of the test statistic under the null hypothesis that the overidentifying restrictions implied by the model are true.
14For the comparable data sets, the present study uses a longer sample period and different data sources than Hansen and Singleton (1982 Singleton ( /1984 . and standard errors of (Y as well as the marginal significance levels of the J-statistic are much larger -so much so that the model is easily not rejected at the 5 percent level even when equally-weighted returns are used. This is evidence suggesting that the Lucas (1984) model is in better accord with the data than is the barter-e model, and that the monetary effects, as captured in the former model, are important for asset pricing. Viewed alternatively, the simultaneous lagging of information and nominal asset returns relative to the barter-e model does permit improved explanation of the data. However, the Lucas (1984) model falls short of complete success. Specifically, estimates of a remain imprecise (and are mostly insignificantly different from zero); while the J-test continues to reject the model, at most at the 0.68 percent significance level, both for the individual estimation of the bond Euler equation and the joint estimation of the stock and bond Euler equations.
This suggests that the inconsistency of the Lucas (1984) model with the empirical behavior of treasury-bill returns is the source of its inconsistency with the joint empirical behavior of stock and treasury-bill returns. Ogaki (1988) also estimated the Lucas (1984) model using some comparable data sets to those used here.16 His findings, for the joint estimation of the stock and bond Euler equations and the individual estimation of the bond Euler equation, are consistent with those corresponding findings reported here -in terms of the strong rejection of the overidentifying restrictions implied by the mode1.r' Table 5 shows the estimation results for the MIUF model. p^ is almost always less than unity, precise, and significantly greater than zero. The point estimates of LY and 6 imply concave preferences. The estimate of CY is imprecise, mostly significantly greater than zero, and significantly different from unity except for some cases involving the individual estimation of the stock Euler equation.
Significant differences between (Y and unity is tantamount to a rejection of logarithmic separability of the utility function across consumption and real money balances. The estimate of 6 is very precise and is significantly greater (smaller) than zero (unity). This latter significance result is consistent with the emphatic rejection of the restriction, S = 1 (in "Henceforth in this section this model will be referred to as the Lucas (1984) model.
"For the comparable data sets, the present study uses a longer sample period and different data sources than Ogaki (1988) .
"The joint estimation
by Ogaki (1988) that is referred to there is a restricted estimation, where fi is restricted to values at or below unity. as for table 1 panels A, B, and C), using the C-test at virtually any significance level. The implication is that real money balances enter significantly into the utility function. The J-test indicates strong rejection of the overidentifying restrictions, at most at the 3.46 percent level, except for the individual estimation of the stock Euler equation (one other exception is minor). In the latter case, the model is not rejected at the 5 percent level -the nonrejection is marginal when equally-weighted returns are used. The MIUF model does not perform well either when its implications for stock and treasury-bill returns are tested individually (panels B and C) or when they are tested jointly (panel A). Comparing the results for the joint and individual estimation of the stock and bond Euler equations across the MIUF model (panels D, E, and F) and the barter-e model reveals little substantive difference.'s This seems reasonable in view of the high value of 6. The upshot is that even though real money balances enter significantly into the utility function -which augurs for the IsFor the joint and individual estimations of the stock and bond Euler equations implied by the MIUF model it was necessary to fix the value of 6. Even though 6 is formally identified in each of these equations, in practice it is largely identified by the intratemporal condition governing consumption and real money balances that is implied by the money Euler equation and either of the stock or bond Euler equations.
This was evident from attempts to estimate S without the money Euler equation -the estimate of 6 was very imprecise and wildly fluctuated as the instrument set was varied; the estimation-minimization algorithm exhibited slow or no convergence.
The value of 8 = 0.95 was chosen in view of the S estimates in panels A-C of table 5. Table 5 Estimation results for the MIUF mociel(1959 MIUF mociel( :4-1986 Singleton, 1986 , Modeling the term structure of interest rates under nonseparable utility and durability of goods, Journal of Financial Economics 17, 27-56.
